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ABSTRACT 
The Bismarck-Mandan area includes about 350 square miles located 
along both sides of' the Missouri River in south-central North Dakota. 
The area can be divided into two major physiographic divisions: the 
broad Missouri River floodplain and the nearly flat uplands which are 
dissected by minor streams. Geologic tmits in the area include Upper 
Cretaceous and lower Tertiary sandstone, siltstone. and shale and 
Quaternary sand, silt~ clay, and gravel. 
Expansion of residential areas around the cities of Bismarck and 
N..andan results in conflicts in land-use between agricultural, urban, and 
resource development. This study consists of detailed geologic maps and 
a series of interpretive land-use maps that are intended to provide 
technical input for planning decisions to help resolve these conflicts. 
The mineral resources include moderate amounts of high-quality sand 
and gravel, abundant clay, and abundant riprap stone. To insure maximum 
use of the sand and gravel reserve, residential and industrial de.relopmet1t 
should not be allowed to cover the deposits. 
The highest quality water in the area is from the Missouri River. 
Ground-water can be found in large amounts in shallow Quaternary sand and 
gravel aqui:f ers that follow the stream valleys. Groundwater is also present 
in small amou.">'lts in shallow aquifers i.'1. the Cannonball and Tongue River 
Formations and in even smaller am01mts in the Hell Creek Fol"m.a.,tion .. 
However, the quality of water taken from these bedrock aquifers is usually 
low. Low-quality water can be produced in large quantities f'rom the Dakota 
X 
Aquifer, at a depth of about 1000 meters. The best sources for 
irrigation water are the Missouri River and the sand and gravel aquifers 
on the Missouri River floodplain. 
General construction involves few problems on the flat uplands. The 
bea!'ing strength is gener.1lly high a..,,.d the water tabla is low. Scattered 
large granitic boulders cause some excavation problems. Areas where the 
shale of the Cannonball Formation has been exposed on steep slopes are 
often subject to slumping and soil creep. 
Construction problems can also be expected on the flat Missouri River 
valley and along the other streams. Flooding is common along all the 
streams except the Missouri River. Water tables are very high and many 
areas are poorly drained. The bearing strength of most of the materials 
in the lowlands is low to moderate. 
Safe waste disposal should be little problem on most of the flat 
uplands. The a:t"eas !'!.long the numerous small gullies and intermittent 
streams should be avoided for landfill or lagoon sites. Problems resulting 
from shallow water tables and flooding make the lowland areas poorly 
suited as ~,aste disposal sites. 
lNTRODUCTION 
The cities of Bismarck and ¥iandan are located on opposite sides of 
the Missouri River in south-central North Dakota (Figure 1). Bismarck, 
the state capitol and county seat of Burleigh County, has a population 
of 34,700; Mandan, the county seat of Morton County, has a population of 
11 • 100 (North Dakota State Highway Department• 1970). The area 
surrounding the two cities is largely rural; :farming and grazing are the 
only major industry. The two major physiographic divisions in the area 
are the broad Missouri River floodplai..""l and the adjacent uplands. The 
uplands are nearly flat, or are dissected by minor stream valleys and 
tributaries of the Missouri River; the uplands are separated from the 
Missouri River bottomlands by bluf'fs that average several tens o:r meters 
high. The major tributaries of the ~..issouri River include the Heart River 
in Morton County and Apple Creek and Burnt Creek in Burleigh County. 
The soils of the area include Chestnut soils on the nearly level to 
gently rolling uplands, Regosol soils on steep exeessiveiy drained slopes, 
and Alluvial soils. :in the nearly level bottomlands (Omodt and others. 
1968). 
CLIMATE 
The climate of the Bismarck-Mandan area is characterized by extremes 
in temperature. For the period 1900 to 1940 the lowest recorded temper-
ature was -45° F and the highest was 114° F. The averages for the same 
period were 9.4° Fi.~ January and 70.9° Fin July. The average annual 
1 
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Figure 1,--Map showing the location of Bismarck and Mandan, North Dakota. 
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precipitation for the period was 15.34 inches. The average growing season 
is 140 days (U. s. Department of Agriculture, 1941). The prevailing wind 
· direction is from the northwest. 
PURPOSE 
At the present time considerable residential growth is occurring in 
the area. This is especially true on the Missouri River floodplain to the 
south of Bismarck and on the bluffs and uplands to the east and northeast 
of Bismarck and to the northwest of ¥.andan. This growth is resulting in a 
conflict between agricultural, urban,. and resource development. Problems 
are resulting from development in areas subject to slumping, flooding, and 
poor subsurface drainage. The contanri.:nation of groundwater by septic and 
sewage systems is also a problem. Other important considerations include 
the selection of waste-disposal sites and the preservation of aes·thetic 
features and archaeological and historical sites. 
Present problems are largely the result of poor planning resulting 
from an inadequate concern for geologic conditions~ It is the purpose of 
this study to supply detailed lithologic maps of the area along with a 
series of-land-use maps (Plates 2 to 30); the intention is that these will 
be used as an aid in future planning in the Bismarck-Mandan area.. An 
explanation of these maps is contained on Plate 1. The mapped area 
included about '.350 square miles surrounding and including the cities of 
Bismarck and Mandan (Figure 2). 
METHODS 
Surficial lithologic maps of the study area were made at a scale of 
1 :24,000 (Plates 2 to 8). Subsurface data was obtained from continuous 
flight auger drilli.~g (Appendix I), highway test bori.~gs, and existing 
4 
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Figure 2.--Map showing the study area. 
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water-wells logs. 
Ail geologic materials were evaluated in terms of their engineering 
and hydrologic properties and mineral-resource potential. Hydrologic 
properties were obtained from well records and previous studies (Randich 
and Hatchett, 1966). Engineering properties were obtained from foundation 
test borings. Also considered in the development of the various land-
use maps were flooding hazards, slumping hazards, river-bank instability, 
topography, glacial-boulder density, and soils. 
GEOLOOY 
The geology of the area is shown in Plates 2 to 8. The landscape of 
the Bismarck-Mandan area is largely the result of action by glacial ice, 
running water, and wind. Glacial materials, mostly boulder clay, form a 
thin veneer (20 meters maximum) over Cretaceous and Tertiary formations 
in much of the area. Postglacial erosion has totally removed this veneer 
in some places, while in other localities only the large glacial boulders 
remain. 
Sediment-laden glacial melt waters were responsible for the deposi-
tion of silt, sand, and gravel in the broad terraces along the Missouri 
River, Burnt Creek, and Heart River. The melt-water terraces are as high 
as 15 meters above the present floodplains of Burnt Creek and the Heart a..~d 
Missouri Rivers. 
Several very dry periods have occurred since the end of glaciation. 
During these periods wind-action has been a very significant agent in the 
modification of the area. Sand dunes were formed southeast of Bismarck 
and wind-laid silt and fine sand were deposited in thicknesses of up to 
5 meters on the melt-water terraces on the east side of the Missouri 
River. Wind-laid silt and fine sand are also found on the uplands to the 
east of the Missouri River and to the south of the Heart River. In these 
areas the max-i_mmn thickness is about 2 meters and rapidly decreases away 
from the river. 
The stratigraphic colunm in the Bismarck-Mandan area is shown in 
Table 1. Surface bedrock units in the study area include the Hell Creek 
6 
AGE 
Pleisto-
cene 
Paleocene 
Creta-
ceous 
Jurassic 
Pennsyl-
vanian 
Missis-
sippian 
Devonian 
Silurian 
Ordovi-
cian 
Cambr,ian 
Pree &."Tlbria.n 
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TABLE .1 
STRATIGRAPHIC COLill'1N OF BISMARCK-1-f..ANDAN AREA 
UNIT NAME D0MINA'"7\JT LITHOLOGY 
.• 
Oahe Fm. Coarse silt 
Denbigh Frn. Well-sorted., medium sand 
Coleharbor Coteau It'm. Organic, poorly sorted., gravelly, 
Group sandy, clayey silt 
Four Bears Fm. Non-organic gravel, sand, silt, 
and clav 
Braddock Fm. Slightly bouldery, cobbly, pebbly, 
sandy, silty clay 
'I ongue J:ti ver l<'m. Sandstone, siltstone, shale, 
1 imestone,, lign:i,te 
Cannonball Fm,. Sandstone and shale 
Ludlow Fm. Sandstone. shale, lignit~e 
Hell Creek Fm. Sandstone. shale, lirnite 
Colorado Fox Hills. Fm. Sa.ndstone and shale 
Group Pierre Fm. Shale 
Niobrara Fm. Calcareous shale 
Montana Ca.:dile Fm. Shale 
Group ]reenhorn ~ .. Calcarr-3ou:s sh.ale 
Belle Fourche Fm. Sha.le 
Now"J."Y J:"m .. Shale 
Dakota. Newcastle Fm. Sandstone 
Group Skull Creek Fm. .. 
~=tone Fall River 'f.11ti. a.-.;d sh.:lle 
Lakota Fm. Sandstone and shale 
Mo:i-rison Fm. Shale and clay 
Sund,mc :! Fm. Shale and sandstone 
Pi:ce:r- Fm .. Shale and evaporites 
Alask~ Bench Fm. Dolomite 
Tyler Fm# Sandston21 :1:nd shale 
. Amsden Fm .. Limestone, shale. sandstone 
Big Sno..iy Undifferentiated L:i.'llestone, shale, sandstone 
Group 
Madison Undifferentiated Limestone and evaporites 
Group 
Bird.bear Fm. Limestone 
Duperow Fm.· Dolomite and li.mestone 
Souris River Fm. Dolomite and limestone 
Dawson Bay Fm. Dolomite and liMestone 
Interlake Fm. Dolomite 
Stonewall Frr.. Dolomite P..nd limestone 
Stanv Nountai.n Fm. Limestone 
Red River Fm. Limestone and dolomite 
Winnipeg Undifferentiated. Sandstone, shale, siltstone 
Group 
Deadwood Fm .. Sandstone. shale. limestr,ne 
Granite 
8 
Formation of late Cretaceous age and the Ludlow, Can.~onball, and Tongue 
River Formations of Paleocene age. 
The Hell Creek Formation consists of interbedded sandstone, siltstone, 
mudstone, carbonaceous shale, and lignite mostly of continental origin. 
The i...~dividual beds are generally thin and show much lateral lithologic 
variation. Therefore, for mapping purposes no attempt was ma.de to distin-
guish individual lithologic types within the formation. The thickness of 
the Hell Creek ranges from 70 to 90 meters in the Bismarck-Mandan area 
(Kume and Hansen. 196.5). 
The Hell Creek is conformably overl.;.:in by the Ludlow Formation, which 
consists of continental interbedded yellow and brown sandstones, gray to 
black shale and lignite beds. The Ludlow is generally less than 4 meters 
thick in the study area and therefore was included with its marine facies 
equivalent, the Cannonball Formation~ for mapping purposes. 
The Ludlow interfi.~gers with the Cannonball Formation, which consists 
of interbedded sandstone, siltstone, shale, and lenticular limestone. The 
sandstone is very friable, with occasional locally cemented areas •. The 
Cannonball is quite variable laterally; the upper portion is generally 
sandy and the lower part is predominantly silty and sandy shale. These 
two portions were mapped separately. This formation immediately underlies 
glacial drift throughout most of the area and is about 100 meters thick. 
The continental Tongue River Formation discon:formably overlies the 
Cannonball (KUI11e and Hansen, 1965). The basal Tongue River consists of a 
generally friable, massive, cross-bedded sandst.one, which is laterally 
continuous and was mapped separately. Blowouts, especially along road-
cuts, are commonly found in this unit. Overlying the basal sandstone is a 
sequence of interbedded sandstone, siltstone, shale, limestone, and 
9 
lignite. This is a highly complex s~1uence and individual lithologic 
types could not be separated for mapping purposes. The Tongue River 
immediately underlies the glacial drift in the northern part of the 
mapped area. and in a small area south of' 1-1..andan. 
The Quatemary materials in the Bismarck-Mandan area include five 
newly named formations as defined and described by Bickley (1972). The 
lowest of these is the Braddock Fo:rma.tion, which is a slightly bouldery, 
cobbly, pebbly, sandy, silty clay of glacial origin. The Braddock Forma-
tion, in this area, immediately overlies the Hell Creek, Cannonball, or 
Tongue River Formation~ the contact being sharp and uncori.formable in all 
cases. The Braddock is probably Wisconsinan in age and varies in thickness 
from 1 to 20 meters. 
The Braddock Formation is overlain by the Four Bears Formation, which 
consists o:f two .facies: a laminated silt and clay facies and a non-
organic sand a:.1d gravel facies. The Four Bears Fonn.ation inunediately 
overlies the Hell Creek, Cannonball, or Braddock Formation depending on 
location. The lower contact is everywhere sharp. The Four Bears is 
mainly fluvia.l in origin in the Bismarck-Mandan area and ranges in age from 
Wisconsin.an through Holocene. Its thickness ra.~ges from 1 to 35 meters in 
the study area. 
The Four Bears Formation is overlain by the Coteau Fonnation, which 
consists of a black organic, silty clay facies and dirty gray, organic, 
slightly pebbly, sandy silt and clay facies. The Coteau Formation contains 
alluvial, colluv-ia.l, and slough sediment. It is found in the study area in 
poorly drained depressions and in drained bottomlands and at the base of 
hillsides. The lower contact with the Cannonball, Tongue River, Braddock, 
or Four Baars Formation is sharp. Its thickness ranges from a few 
10 
centimeters to several meters; it varies in age from 10,000 years B. P. to 
the present. 
The overlying Denbigh Formation consists of clean, well-sorted, uncon-
solidated sand. It is mainly eolian in origin and probably Holocene in 
age. The lower contact is sharp and depending on location, the Denbigh 
Formation immediately overlies the Cannonball, Braddock, or Four Bears 
Formation. The thickness of the Denbigh Formation ranges from 0.5 to 15 
meters. The Denbigh Formation is found only in the area to the southeast 
of Bismarck. 
The uppe!'most lithostratigraphic unit in the Bismarck-Mandan area 
is the Oahe Formation, -which consists of yellow, brown, or gray, non-
bedded, coarse silt and fine sand. It is eolian in origin and is found 
on the east side of the Missouri River on the upper terraces and uplands 
and to a lesser extent to the south of the Heart River.. The Oahe Forma-
tion is never overlain by any other unit and may immediately overlie any 
of the other formations found in the study area. It ranges in thickness 
from a few centimeters to 5 meters and is Pleistocene and Holocene in age. 
NATURAL RESOURCES 
INTRODUCTION 
The locations and distribution of the sand and gravel. clay, and rip-
rap resources are sho'W!l on Pl.ate 30. Borrow materials ara not included on 
Plate 30 because of their ver-y widespread distribution throughout the 
study area. Each type of deposit has been ranked according to its suita-
bility; taken :L~to consideration was the quality, extent. and amount of 
overburden as well as the distance the materials would have to be 
transported. 
SAND AND GRAVEL 
Several deposits of sand and gravel of the Four Bears Formation are 
fou.~d within the Bismarck-Mandan area. Sand and gravel ranked as the most 
important and 1raluable mineral in Burleigh County in 1969 and second only 
to clay in Morton County for the same year (Persse and Koch, 1971). The 
most extensive deposits are found on the terraces about 1 mile south of 
Bismarck (Plate JO). This deposit has been mined for many years and is the 
best supply of the area. This gravel is as thick as 35 meters and is over-
lain by as much as 5 meters of overburden. mostly fine sand and silt of 
the Oahe Formation. Tests by the North Dakota State Highway Department 
Materials Laboratory indicate that the gravel contains only a small amount· 
of such deleterious materials as clay and chert. These deposits are suit-
able as aggregate for concrete and asphalt paving mixtures, for road 
surface base, and for other incidental uses.. A sand and gravel deposit of 
similar quality is about 8 miles south of Mandan (Plate JO). This deposit 
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is also on a Missouri River terrace and has been extensively minedo 
Sand and gravel is found on the upper terraces on the south side of 
the Heart River. Several rather extensive deposits occur there, especially 
around Sunny School about 3 miles west of Mandan (Plate 30). Some mining 
has been carried out there. However, Highway Department tests indicate 
that these deposits are very poorly graded; most of the material is either 
cobbles or larger or is smaller than 200 mesh. In addition, the shale 
content is greater than the maximum of 8 percent allowed by the North 
Dakota State Highway Department for use as aggregate or road base (North 
Dakota State Highway Department, 1965). 
A few other sand and gravel deposits of varying thickness and areal 
extent are found along Burnt Creek (Plate 30). Tests indicate a high clay 
content. which, along with the small size of the deposits and their 
distance from Bismarck. makes them uneconomical at the present time. 
PLANNiliG SAi"iJD AN'D GRAVEL DEVELOPMENT 
The ·1ralue of sand and gravel is about $0.80/ton (Major, 1968). Since 
it is a low-value commodity and must be transported in large amounts. sand 
and gravel must be produced near the construction site or it becomes unecon-
omical. Transportation is expensive and therefore those deposits closest 
to the Bismarck-Mandan area are by far the most desirable for development. 
The sand a.~d gravel on the terraces south of Bismarck are not only of the 
. best quality but also the closest. It is therefore very important to plan 
the development of these deposits in such a way as to get the maxi.mum bene-
fits possible.. Until the mining is completed the area should be maintained 
for agricultural or some other open-space use. After the deposit has 
been excavated the area could again be l'.'eturned to agricultural use by 
replacing the topsoil or developed for residential or industrial purposes .. 
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If the bottom of the pits are below the water table, they could be used 
for recreational purposes. Sand and gravel quarries can sometimes also 
be used as landfill sites. Those in the Bismarck-Mandan area. however, are 
not suited for such purposes because of the extreme hazard to groundwater 
and surface-water quality. 
CLAY 
The use of North Dakota clay for the production of various ceramic 
products. ma.inly brick, reached a peak in the early 1900 1 s when eighteen 
brick plants were in operation throughout the state. Included among these 
were plants in Mandan and Bismarck; the one in Bismarck made brick from 
the clay of the Braddock Formation and the plant in ~la.ndan used olay from 
the Cannonball Formation (Manz, 19.54). At the present time the clay of 
the Car.nonball Formation is being used for the production of light-weight 
aggregate. A plant located at .Mandan has been operating successfully 
since 1953 (Manz, 1964-), and it is possible that as local grav.el supplies 
are depleted the use 0£ light-weight aggregate in the Bismarek-Mandan 
area will increase. Several clay layers suitable for brick or light-weight 
aggregate are exposed in the Cannonball Formation just west of the city of 
Mandan. These clay layers are generally 2 to 4 meters thick and are over-
lail"l by a maximum of 5 meters of overburden (Manz, 1953). The Tongue 
River Formation also contains good quality clay. However, due to the 
thickness of overburden this clay is usually uneconomical to work unless 
associated with a lignite layer (~.anz, 1964). The locations of the Cannon-
ball Formation clay layers in the Mandan area which were examined by Manz 
(1953) are shovm in Plate 30. 
BORROWMATERL~LS 
Most earth materials in the Bismarck-Mandan area are suitable for 
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highway borrow material. The only earth materials .that are not suited for 
such used are those that contain high amounts of organic matter or other 
materials that will not compact properly. This includes muck, peat, and 
organic sand such as would be found in the small, scattered, poorly drained 
areas. Essentially all other earth materials in the Bismarck-Mandan area 
are suitable for borrow materials. 
RIPRAP 
Riprap consi.sts of rock that is used as protection for- bluffs, river-
banks, or structures .from wave or current action. A problem has arisen 
involving riverbank stability along the Missouri River. The stretch of 
river between Garrison Dam and the Oahe Reservoir is being rapidly eroded, 
which is not only threatening the bar.ks but also several railroads and 
highways. As a result the need f'or riprap is increasing. According to 
the North Dakota State Highway Department (1965), 11loose rock riprap stone 
shall consist of sound, durable field or quarry stone. At least fifty 
percent shall have a volume of not less than one-half cubic foot and in no 
case less than four inches in smallest dimension. 11 The best source for 
such material in the Bismarck-Mandan area is the glacial boulders that lie 
scattered throughout much of the area. These are most accessible in areas 
where the associated fine portion of the Braddock Formation has bean 
removed by erosion. These areas are shown on Plate 30. 
A second possible source for riprap is the sand and gravel deposits 
at Sunny School, west of Mandan. A large amount of' the :materials in these 
deposits is of the proper size and quality for riprap stone. The finer 
materials could be screened out if the demand. for riprap were sufficient to 
justify the cost of processing. 
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SUR:<~CE WATER 
The Missouri River is by far the largest source of surface water in 
the area. It provides the municipal water supply for both Bismarck and 
Mandan and is also used for irrigation. The discharge of the Missouri 
River is regulated to a large extent by Garrison Dam, which is about 
75 miles upstream. Before the construction of the dam, the record maxi.mum 
discharge at Bismarck was 500,000 cubic feet per second in April, 1952, and 
the record minimum was 1800 cubic .feet per second in January, 1940 (U. s. 
Geological Survey, 1970). In 1969 the mean discharge of the Missouri 
River at Bismarck was about 30,000 cubic feet per second. For the same 
year the Heart River near Mandan had a mean discharge o.f 521 cubic feet 
per second, Burnt Creek near Bismarck had a mean discharge of 22 cubic 
feet per second, and Apple Creek near Menoken had a mean discharge of 
61.1 cubic feet per second. Burnt Creek generally has no flow for several 
days of each year; :minor flooding is common in the spring. The same is 
true of Apple Creek. The Heart River doesn't flow .for short periods but 
this is not a yearly event and has seldom occurred in recorded. history. 
Major flooding a.long the Heart River, however, is much more common and 
occurs nearly every spring. The water in the Heart River and Burnt Creek 
is not used at the present time for any industrial or domestic purpose. 
Water from Apple Creek is used by the Apple Creek Country Club for irri-
gation. The remainder of the surface water i"'l the study area occurs in 
small undrained depressions, intermittent streams, and stock-watering 
ponds. 
Plates 9 to 15 show suitability of the various parls of the study 
area for general construction purposes. Flooding haza:rtls along Burnt 
Creek, Apple Creek, and the Heart River are included on these plates by 
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indicating the record maximu.~ height of flooding for each streai.~. 
GROUNDWATER 
Aquifers occur it1 the Quaternary formations and in the underlying 
Cretaceous and Tertiar.f formations in the Bismarck-Mandan area. The 
groundwater resources of Burleigh County have been discussed in detail 
by Randich and Hatchett (1966). Information concerning the groundwater 
resources of Morton County is scanty. Therefore. nearly all data regarding 
the various bedrock aquifers in the study area has been obtained in 
Burleigh County. The closeness of Manda.""! to Burleigh County would seem. 
to justify extrapolation of this inforritation across the Missouri River. 
This cannot be done with the aquifers in the Four Bears and Coteau Forma~· 
tions. because these commonly occur in the discontinuous deposits and 
therefore each locality must be treated separately. Information on 
aquifers in the Four Bears and Coteau Formations in Horton County has been 
taken from very limited unpublished information available from the u. s. 
Geological Survey ai"ld personal observations •. 
Cretaceous aquifers 
Cretaceous aquifers yield water to approximately 70 percent of the 
domestic and stock wells in the Bismal"'Ck-Mandan area. 
Dakota Aquifer 
The Dakota Aquifer is about 1100 meters below the land surface. At 
the present time there are no wells in the study area that reach the 
Dakota Aqui:f'er. However. large-yield wells have been developed in this 
formation to the south of the study area in Emmons Comity, North Dakota 
(Randich, 1965).. These wells yield large quantities or sodimn-sulfate 
type water, which contains approximately 2400 parts per million dissolved 
solids.. Similar quantities and quality of water could be expected in 
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the Bismarck-Mandan area. Treatment of the water would be necessary for 
most purposes. 
Pierre Formation 
The Pierre Formation lies from 150 to 175 meters below the land 
surface. The only water taken from this formation comes from sand lenses 
and fractures in the upper part (Randich and Hatchett, 1966). It is 
therefore of little value as an aquifer. 
Aquifer in the Fox Hills Formation 
The Fox Hills Formation lies about 35 meters below the surface i.:'1 the 
southern part of the Bismarck-Mandan area. and about 65 meters below the 
surface in the northern part of the area. Large quantities (50 to 150 
gallons per minute) of sodium-bicarbonate type water comes from the 
pe:t"meable sandstone layer of the Fox Hills Formation (Randich and Hatchett. 
1966). Dissolved solids range from 1500 to 2500 parts per million. The 
water has a salty taste due to the high concentrations of sodium and 
chloride. The water is unsuited for irrigation and should be used with 
caution for domestic purposes. It is good for watering stock. 
Aquifers in the Hell Creek Formation 
The Hell Creek Formation outcrops in the southern part of the Bisrna.rck-
Mandan area and lies about 45 meters below the surface in the northern part 
of the area. The water varies from sodium-bicarbonate and sodium-
bicarbonate-sulfate type water to sodium-bicarbonate-chloride type water. 
Water is only found in small quantities (Randich and Hatchett, 1966). 
Dissolved. solids range from 470 to 2100 parts per million. The water is 
probably suitable for domestic and stock purposes but caution should be 
used. because of the large degree of variabilityo It is not generally 
suitable for irrigation. 
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Aquifers in the Cannonball Formation 
The Cannonball Fonnation is at or near the surface in much of the 
Bismarck-Mandan area. It yields generally less than 50 gallons per minute 
sodiu..~-bicarbonate, solium-bicarbonate-sulfate, or sodium-sulfate-
bicarbonate type water, which is used for domestic and stock purposes 
throughout the Bismarck-Mandan area (Randich and Hatchett, 1966). Total 
dissolved solids range from 1100 to 1700 parts per million. Because of 
high sodium hazards and salinity, the water is unsuited for irrigation. 
Aquifers in the Tongue River Formation 
The Tongue River Formation is at or near the surface in much of the 
northern part of the area. Dissolved. solids range f::-om 500 to 1900 parts 
per million with yields generally less than 20 gallons per minute (Randich 
and Hatchett, 1966). The water is used for stock and domestic purposes but 
is generally marginal to u_~suited for irrigation because of the residual 
sodium carbonate. 
Aquifers of the Four Bears and Coteau Formations 
Figure 3 shows the locations of the various sand and gravel aquifers 
in the Four Bears and Coteau Formations. They comprise the major 
aquifers i...'1. the area. The deposits consist of clay, silt, sand, and 
gravel. They are generally less than 35 meters below the surface and 
never more than 70 meters; however, several do occur at the surface. 
Lower Apple Creek Aquifer 
The Lower Apple Creek Aquifer generally follows Apple Creek valley. 
It lies about 14 to 35 meters below the surface and ranges in thickness 
from J to 35 meters (Randich and Hatchett, 1966}0 The water is of the 
sodium-bicarbonate type and generally contains less than 1000 parts per 
million dissolved solids. The water is used for domestic, stock, and 
1. Lower Apple Creek Aquifer 
2. Soo Channel Aquifer 
J. Bismarck Aquifer 
4. Burnt Creek Aquifer 
5. Wogansport Aquifer 
6. Little Heart River Aquifer 
7. Heart River Aquifer 
8. Square Butte Creek Aquifer 
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Figure J.--Map showing sand and gravel aquifers in the Four Bears and 
Coteau Formations in the study area. 
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irrigation purposes. The maximum yield is 700 gallons per minute. However, 
a very wide variation in yields occurs because of local impermeable zones. 
Soo Cha.r,.nel Aquifer 
The Soo Channel Aquifer is relatively small (4 square miles) consisting 
of alternating layers of clay, silt, sand, and gravel cut into bedrock 
(Randich and F..atchett, 1966). It lies between 40 and 70 meters below the 
surface. The water- is of the calcium-bicarbonate type and contains about 
900 parts per million dissolved solids.. The water is used i'or domestic 
and stock purposes. The yield is less than 200 gallons per minute and 
therefore is not suitable for large-scale irrigation or for any other 
large-scale development. 
Bismarck Aquifer 
The Bismarck Aquifer. which underlies the area immediately south of 
Bismarck, is predominantly sand and gravel with lenses of clay and silt. 
It lies 5 to 35 meters below the surface and ranges in thickness from 3 to 
35 meters (Randich and Hatchett. 1966). The water table on the Missouri 
River f'loodplain may be as close as 1 meter f'rom the surface in the spring 
of the year. Potential yields range from 500 to greater than 2000 gallons 
per minute with the greater yields occurring on the floodplain. The water 
is generally of' the sodium-calcium-bicarbonate or sodium-bicarbonate-
sulfate type and contains from 800 to 1800 parts per million dissolved 
solids. It is used for irrigation. domestic. and stock purposes. The 
Bismarck Aquifer has the greatest amount of available water of any in the 
area and is capable of a great amount o:f additional development. 
Burnt Creek Aquifer 
The Burnt Creek Aquifer is near the Missouri River north of Bismarck. 
It consists mainly of sand with small amounts of gravel. It lies between 
1 to 2.5 meters below the surface and ranges in thickness from less than 
) 
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7 meters in the upper reaches of Burnt Creek to greater than 35 meters 
under the Missouri River floodplain (R.andich and Hatchett, 1966). The 
water is a sodium-calcium-bicarbonate type containing about 1000 parts 
per million dissolved solids. Domestic, stock, and irrigation wells have 
been developed with yields in excess of 2000 gallons per minute in the 
lower parts of the aquifer. Development of additional large yield wells 
is possible on the floodplain but proper spacing is necessary (Randich 
and Hatchett, 1966). 
Wogansport Aquifer 
The Woga.nsport Aquifer is along the }'f...i.ssouri River north of' the 
Burnt Creek Aquifer. It ranges in thickness from 7 to 17 meters and is 
generally exposed at the sur.face. The water is usually within 3 meters of 
the sur.face, is a sodium-bicarbonate type, and contains about 1300 parts 
per million di::;solved solids (Randfoh and Hatch13tt, 1966). It is used 
for domestic and stock purposes and could be developed for irrigation 
(R.andich and Hatchett, 1966). 
Little Heart River Aquifer 
Very little information is available about the aquifer that follows 
the Little Heart River. It consists of sand and silt with lenses of 
gravel. A test hole drilled in the SEt SEt sec,. 13, T. 137 N., R. 81 W., 
found the water level was about 3 meters below the surface.. Information 
from local residents indicates that the aqui:fer is little more than 
6 meters thick. The water is used for stock and domestic purposes. No 
information is available about the quality or quantity of water in this 
aquifer; however, the fact that the aquifer is quite thin would indicate 
that .small yields could be expected except where the well is very close 
to the Little Heart River. 
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Heart River Aquifer 
The Heart Rbrer Aquifer follows the Heart River to its confluence 
with the Missouri River. This is the largest aquifer near Mandan. Infor-
mation is limited on the extent and quality of the aquifer. Several wells 
have been developed on the floodplain to the east and southeast of Mandan, 
and some informatio~ is available from wells within the city limits of 
Mandan. Tests that were run by the North Dakota State Water Commission 
on these various wells indicate that total dissolved solids range from 
1000 parts per million along the Heart River to nearly 2300 parts per 
million on the floodplain (Randich and .Hatchett, 1966). 
The aquifer consists of silt, sand, and gravel. It lies from 2 to 
20 meters below the surface and ranges in thickness from about 3 to at 
least 20 meters. The water is generally of the sodium-bicarbonate-sulfate 
type.. It is used mostly f'or stock purposes '.although one irrigation well 
has been developed on the Missouri River floodplain. Values for potential 
yields are lacking but at least one well gives 45 gallons per minute and 
much higher yields should be expected, especially on the floodplain. 
Square Butte Creek Aquifer 
The Square Butte Creek Aquifer follows Square Butte Creek to its 
confluence with the Missouri River.. The aquifer consists of sand and 
silt with small amounts of gravel.. It ranges in thickness from 11 to 35 
meters. The water is usually within 5 meters of the surface. The water 
is of the sodium-bicarbonate type and is present in large enough amounts 
for irrigation purposes (Greenman~ 19.54) .. 
Plates 23 to 29 show the distribution of groundwater resources L~ 
the Bismarck-Mandan area. 
OTHER RESOURCES 
Too often when one thinks of the resources of a particular area only 
those having obvious monetar.r value are taken into account. However, if' 
a truly significant plan for a region is to be conceived. then resources 
such as recreational areas, nature preserves, and historic and prehistoric 
sites must be considered.. The Bismarck-Mandan area has many such resources. 
Although they are not commonly thought of as being within the realm of 
geologic knowledge they are an integral part of the region and cannot be 
excluded from a study of this type. Indeed, it is these resources which 
give the area much of its flavor. 
RECRE..I\.TIONAL AREAS 
The portions of the study area most ideally suited for development as 
recreational areas are the lowlands along the various rivers and streams. 
With the exception of the Missouri River all these waterways are subject 
to occasional flooding which limits their use for most purposes except 
farming and grazing. Many of the forested or wooded portions of the 
floodplains are ideally suited for development as camping and picnic 
areas. This is particularly true of the Missouri River floodplain, which 
also has the advantage of easy access ability to the Oahe Reservoir. 
NATURE PRESERVES 
Many of the areas suitable for recreation are also suitable for 
nature preserves .. In addition, those areas of the lowlands, especially 
along the Missouri River. that are poorly drained could also be used for 
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such purposes. Abunda.~t wildlife is present. especially in the more 
heavily wooded areas. Useful information regarding these resources 
can be obtained from the North Dakota State Game and Fish Department 
in Bisr,,..arck. 
HISTORIC AND PREHISTORIC SITES 
Much of the historic color of the Bismarck-Mandan area results from 
its location along the route traveled. by Lewis and Clark in 1804 and 1806. 
In addition. the Fort Lincoln Cavalr;y" Post and the Fort McKeen Infantry 
Post south of Mandan and several Mandan Indian villages scattered along 
the bluffs of the Missouri River are major points of interest in the area. 
Tourism has increased. significantly during the past few years and will 
probably continue to in the future. Consequently~ these sites deser,.ra 
consideration in the planni.~g process of the area. Additional information 
regarding these sites can be obtained from the North Dakota State Historical 
Society, Bismarck. 
GEOLOGIC CONDITIONS AFFECTING LAND USE 
GENERAL CONSTRUCTION 
In this report general construction refers mainly to building 
construction; included within this category are private, residential, 
municipal, and industrial structures. The conditions affecting construc-
tion include slope, bearing strength, flooding hazards, availability of 
water, permeability of the materials, and depth to the water table. 
Plates 9 to 15 show the general construction conditions that exist 
throughout the Bismarck-Mandan area. The various parts of the area have 
been graded as to their suitability for construction. The characteristics 
of each part are outlined in the expla.)'1ation accmnpa:nying the maps (Plate 1 ). 
This explanation is meant as a general guide to the area and should not be 
conside!"ed a.s the final word in any particular case. For every project 
site, detailed exploration is an absolute necessity. The engineering 
characteristics of the various materials are sho.rn in Table II. 
Uplands 
A wide variety of materials is found on the uplands on both sides of 
the Missouri Rivero The properties of these materials are highly varied 
as is the topography of the same areas, which ranges from gently rolling 
to very steep slopes. 
The silt of the Oahe Formation is generally thin (less than 1 meter) 
and is mostly found on the east side of the Missouri River. Enginee~ing 
data on these materials is lacking" Similar materials in McHenry County, 
Illinois, We!'e found to have a relatively high dry strength and stiff 
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TABLE II 
St1MMARY OF AVAILABLE ENGJNEERING CI{ARACTERISTICS 
FOR GEOLOGIC UNITS IN THE BISMARCK-MANDAN AREA 
STANDARD NATURAL DRY LIQUID PLASTICITY 
PENETRATION WATER DENSI'l'Y LDUT (%) INDEX(%) 
TEST CON'rENT (%) (p.cf) 
31 7 5 7 7 
20 29 91 42 17 
8-37 15-35 87-97 31-47 11-27 
11 l~ ... _ 
-- --22 27 
-- -- --
9-50 25-32 -- -- --
10 6 4 6 6 
11 15 88 38 17 
9-16 5-31 83-94 30-55 10-25 
14 6 _ ... 
-- --105 27 ..._ 
-- --
35-256 20-37 
-- -- --
26 12 10 12 12 
76 21} 108 56 26. 
30-135 18-31 88-124 37-79 15-36 
15 6 4 4 6 
163 22 109 49 20 
86-328 18-25 102-115 37 ... 65 16-26 
UNCONFDTED 
COMPRESSIVE 
.STRENGTH (pcf) 
7 
2550 
1600-3000 
4 
8100 
5000-10,000 
5 
1900 
. 1000-3000 
--
--
--
8 
5800 
LW00-10,000 
) 
13,400 
7000-21~, 000 
rv 
°' 
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consistency but were highly subject to swelling and shrinking upon 
alternate wetting and drying (Smith, 1968). In addition, the silt tends 
to conduct water up to the freezing zone, resulting in frost heaving. 
Jacobs (1971) has noted that in St. Clair County, Illinois, severe 
cracking occurred in the foundations and walls of private homes and public 
buildings where those structures were set in wind-laid silt. Since the 
Oahe Formation is relatively thin and is easily excavated, it should 
probably be removed for most construction purposes. 
On the uplands, the Denbigh Fonnation consists of thick, loose, wind-
laid sand. The sand is only found in the area southeast of Bismarck. 
Engineeri."'lg data is not available for these materials. The sand is gener-
ally free--drained. The topography is rolling to rather steep. The 
bearing capacity for fine, loose sand is relati-.rely low (Flawn, 1970) 
and therefore not satisfactory for most construction purposes. In places 
where the Denbigh Formation is thin, it could be removed to reach a 
better foundation material. 
The organic clay and silty clav of the small stream bottoms and the 
poorly drained, highly organit:. muck found in depressions are included 
in the Coteau Formation. The alluvial materials are generally character-
ized by l.ow to medium consistency and low bearing strength. They are flat.;. 
lying and fairly permeable but often poorly drained and subject to periodic 
flooding. In some areas (Plates 2 to 8) they are highly saline and very 
unstable; if drained these materials are suitable, although marginally so, 
for many const.!'Uction purposes. Great caution must be exercised. The 
poorly drained muck facies of the Coteau For::nation is highly compressible 
and generally unsuited for construction purposes. 
Little of the Four Bears Formation occurs on the uplands. It is 
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represented by a few scattered, relatively flat-lying sand and gravel 
deposits along Burnt Creek and the Heart River. These materials generally 
have a stiff consistency, little or no plasticity, and are free-drained. 
'Where the sand content is high and the water table is near the surf ace, as 
along Burnt Creek, they may be subject to quick conditions; however, the 
bearing capacity is generally adequate for most construction purposes. 
The Braddock Formation covers much of the uplands. It is character-
ized by low to medium consistency and shear strength. It is susceptable 
to settling and is only slightly permeable except where small scattered 
water-beaI"ing silt and sand lenses occur. An additional problem involves 
the occurrence of very large boulders scattered throughout the formation. 
The Braddock Formation is consequently a generally poor foundation material 
but is suitable for empoundments and embankments. In areas where the 
formation is thin, it may be best to put foundations in the underlyL"lg 
formations. 
The Tongue River Formation is represented, for the most part, by sand 
and is found only in the northern part of the study area. No engi.."leering 
data is available for this sand but it is probable that its characteristics 
are similar to those of the sand found in the upper part of the Cannonball 
Formation. This sand is typically nonplastic, is not subject to shrinki.~g 
or swelling, has medium to stiff consistency, and has a moderate bearing 
strength. In places such as along streams, the topography on both the 
'Tongue River and Cannonball Formations is very steep, but otherwise it is 
typically rolling. The water table is usually several meters below the 
land surface. The sand of both formations is quite adequate as a founda-
tion material. The only places where special caution should be obser;ed 
are areas where these units and the underlying silty .clay and mudstone have 
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been exposed by streams and form steep cliffs. Under these circumstances 
the clayey materials may be subject to slumping and c?>eep, making the 
area very unstable. 
The shale, silty shale, and clayey silt of the Cannonball Formation 
are relatively unstable on steep slopes. However, in most of the area the 
topography is not nearly so steep. On gentle slopes these units make very 
good foundation materials. They are only slightly permeable except for 
scattered sand lenses, have a stiff to very stiff consistency except for 
a few thin, weak, silty zones, and are characterized by moderate to high 
bearing strengths. The water is typically greater than 20 meters below 
the land surface. 
The Hell Creek Formation, which is exposed only in the southern pa.rt 
of the study area, is a. ~,ery good .fou.>1dation material. It is very stiff, 
has high to very high bearing strengths and is typif'ied by moderate slopes. 
It is generally only slightly pel:'ffleable with the exception of an occasional 
thin sand lens. 
Missouri River floodplain 
The broad Missouri River .floodplain, like the uplands, has a wide 
variety of materials. The topography is much more subtle than the 
uplandso The problems involved with construction on the flood.plain are 
o:ften less dramatic but never the less extremely important. The closeness 
of the water table to the land surface makes the entire floodplain, 
regardless of materials, less suited for const!"Uction than most parts of 
the uplands. 
The Oahe Formation is much thicker on the floodplain and therefore 
more of a concern for construction. It is thickest on the upper terraces; 
however, these terraces are being mined for sand and gravel of the Four 
Bears Formation and therefore much of the Oahe Formation is being excavated. 
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Where it is not removed~ it is very poor for construction for the reasons 
discussed previously. In addition, the water table is relatively near 
surface and therefore the Oahe Formation is susceptable to even greater 
frost heaving and shrinking and swelling than on the uplands. 
The sand and gravel facies of the Four Bears Formation has a high 
bearing strength, but the higher water table will cause problems with 
seepage inexcavations. Because of the demand for these materials as 
aggregate it is not a sensible location for construction. The silt and 
clay facies of the Four Bears Formation, which constitutes much of the 
surficial materials of the f'loodplain, has characteristics similar to 
those of the silty clay facies of the Coteau Formation. which constitutes 
the remainder of the f'loodplain. As discussed previously, the organic 
silty clay of the Coteau Fol"mation is characterized by low bearing 
strength. if drained. · Because of the high water table, drainage of this 
formation is relatively i.~possible and there.fore if one must build on 
either the Coteau Formation or the silt and clay facies of the Four Bears 
Formation it would be wise in most situations to put pilings down to the 
underlying Hell· Creek Formation. 
The poorly drained peat and muck of the Coteau Formation is relatively 
abunda..~t on part of the .floodplain. This material is totally unsuitable 
for construction purposes. 
Small mudflows are a minor construction hazard along the base of the 
bluffs that parallel the floodplain. The .flows are relati~rely small but 
sometimes require bulldozing to clear roads. They occur during heavy 
rains and are found at the base of the bluff's where small gullies cut 
through the shale of the Cannonball and Hell Creek Formations. These are 
particularly common north of Bismarck. 
GEOLOGIC CONDITIONS AFFECTING WASTE DISPOSAL 
The major consideration in the disposal of wastes is the possible 
e:f:fect that contaminants will have on groundwater and surface water. 
Included within the general category o:f waste disposal are sewage and 
septic syste.ms, stabilization ponds. and sanitary landfills. Certain 
specific sites can be chosen :for stabilization ponds and sanitary 
landfills; the waste can then be transported, by whatever means, to that 
site and deposited. Septic and sewage systems, however. must be developed 
where people erect their buildings. For this reason, the sewage or septic 
system must be constructed to suit the water and earth materials o:f each 
specific location. 
SEWAGE SYSTEMS 
The uplands portion of the study area is characterized by relatively 
deep aquifers overlain by materials o:f low permeability. So, :few 
problems exist in constructi.11g sewage systems. In contrast to this, 
the lowlands are characterized by shallow groundwater tables. In some 
places the water table is within 1 meter o:f the land surface. There 
sealed sewer systems are a necessity i:f contaminants are to be kept out 
o:f the groundwater. The Missouri River floodplain south o:f Bismarck is a 
good ex.ample o:f this situation. 
SEPI'IC SYSTEMS 
Septic systemst like sewage systems, should not be a threat to 
groundwater quality in areas where the aquifers are relatively deep. 
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However, caution should be used on the lowland areas. This is particularly 
true of those areas that are subject to periodic :flooding--i:f at all 
possible, septic systems should not be constructed in these locations 
(Freedman, 1957). This includes the .floodplains of all the various 
streams except the Missouri River. Swampy areas should also be avoided. 
On the Missouri River .floodplain, care should be taken so that 
septic tanks are located where groundwater flow is away and at least 20 
mete:r'S f':l:"om any sources o:f water supply (Freedman, 1957). In areas of 
abundant septic tanks the water quality should be monitored periodically. 
STABILIZATION PONDS 
The areas most ideally suited for the construction o:f stabilization 
ponds are those that are underlain by impermeable materials or where the 
water table is a considerable dista...~ce (greater than 15 meters) below the 
land surface. Most of the uplands area meets these conditions. The best 
locations are those where thick Braddock Formation overlies dense clayey 
materials of the Cannonball or Hell Creek Formations. 
In contrast, the areas having the poorest conditions for the construc-
tion o:f stabilization ponds a.re those that are subject to nooding. Only 
slightly better are areas that are underlain by permeable materials and 
have shallow groundwater, such as the Missouri River floodplain. Contam-
ination can be expected to be very severe near the pond. However, dilution 
is veey rapid and nearly all contaminants are removed within a quarter of 
a mile. A final consideration is that ponds be dcr..m-wind from the cities. 
SANITARY LANDFILLS 
A properly selected la.ndf'ill site should be dry at all times so that 
the waste is not in contact with either groundwater or surface water. The 
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underlying material should have low permeability, and aquifers should be 
at least 15 meters below the land surface. The flat upland areas are 
generally suited for landfill sites. Poor locations include all the low-
land areas. especially where flooding occurs. and the lower reaches of 
the numerous gullies and streams that dissect the uplands. Sites near 
sur.f'ace water that might be contaminated by leachate are also tm.favorable. 
Borrow pits and sand and gravel quarries are suitable for landfills 
only if they are far above the water table. This is generally not the 
case in the study area. 
Plates 16 to 22 show the suit.ability of the various areas for waste 
disposal. A complete explanation is given on Plate 1. 
SUMMARY AND CONCLUSIONS 
Tabla III summarizes the water-yielding, mineral resource, and 
engineering characteristics of the surficial geologic units round in the 
Bismarck-Mandan area. 
The mineral resources of the area include sand and gravel, clay, and 
riprap stone. Clay and riprap are both relatively abundant but the demand 
for these materials is small. In contrast, sand and gravel supplies that 
are suitable for aggregate are much in demand but are limited mostly to 
the terraces immediately south of Bismarck. To insure the rnaximum use of 
this reserve, residential and industrial development should not be allowad 
to spread onto this area until the sand and gravel has been removed. 
The best quality and most reliable source of water is the Missouri 
River. Groundwater can be found in quantity in shallow sand and gravel 
aquifers in the Four Bears and Coteau Formations that follow the stream 
valleys. Groundwater is also present in small amounts in shallow 
aquifers in the Cannonball and Tongue River Formations and to an even 
lesser extent in the Hell Creek For::n.ation. However, the quality of 
water taken from these bedrock aquifers is usually low. Low-quality 
water can be produced in large quantities from the Dakota Aquifer, from 
a depth of about 1000 meters. The best sources for irrigation water are 
the sand and gravel aquifers of the Four Bears and Coteau Formations on 
the Missouri River floodplain. 
General construction involves fefli1 problems on the flat uplands. 
Except for areas overlain by the Braddock Formation, the bearing strength 
is generally high and the water table is low. The occasional accumulation 
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II 
FORMATION 
Oahe 
Denbigh 
Coteau 
Four Baars 
Braddock 
Tongue River 
Cannonball 
Sand 
Clay 
Hell Creek 
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TABLE III 
SUMMARY OF ENGINEERWG, MINERAL RESOURCE 
AND WATE..t?.-YIELDING CF.ARACTERISTICS 
ENGINEERING CHARACTERISTICS 
High dry strength; subject to shrinking and swelling; 
poor foundation material. 
Little or no plasticity; adequate bearing strength; 
mostly free-draining. 
Poorly drained and subject to flooding; low bearing 
strength in most places. 
Little or no plasticity; free-draining; adequate 
bearing strength. 
Moderate consistency; slightly permeable; susceptable 
to settlL"lg; fair foundation material .. 
Adequate bearing strength; little or no plasticity; 
stiff consistency. 
Adequata bearing strength; little or no plasticity; 
stiff consistency. 
Adequate bearing strength; generally impermeable; 
medium plasticity; occasional weak silt zones. 
Ver-J stiff consistency; medium consistency; generally 
impermeable; high bearing strength. 
36 
TABLE III--Continued 
MINERAL RESOURCE CHARACTERISTICS 
No value. 
Sand. 
Sand. 
Sand and gravel. 
No sand and gravel; clay could be 
used for brick. tile. etc. 
Sand., 
Sand interbedded with silt. 
Clay used for light-weight aggregate 
and could be used for brick. 
Clay could be used possibly for 
brick. 
WATER-YIELDING CHAR.t\CTERISTICS 
. Not an aquifer. 
Moderate to high from coarse 
material; water table close to 
surface in lowlands. 
Moderate to high :from coarse 
material; water table close to 
surface in lowlands. 
Very productive, water tabla close 
to surface in lowlands. 
Poor aquifer, local sand and gravel 
deposits yield limited amounts., 
Moderate amo1.mts. 
Moderate amounts. 
Not an aquifer. 
Poor aquifer, few local coarse 
deposits yield limited amounts. 
37 
of large granitic boulders in the Braddock Formation causes some excava-
tion problems. Caution should be exercised in areas'where the shale of 
the Cannonball Formation has been exposed on steep slopes. These areas 
are often subject to slu.."Tlping and soil creep,. 
Construction problems can also be expected on the f'lat Missouri 
Ri~1er valley and along the other streams. Flooding is common along all 
the streams except the Missouri River. Water tables are very high and many 
areas are poorly drained. Areas overlain by thick silt of the Oahe 
Formation should be avoided for most construction purposes. The bearing 
strength of most of the materials :L.~ the lowlands is low to moderate~ 
The best farming land and poorest construction characteristics are on the 
river bottoms. It therefore seems logical that these areas should be 
maintai.'l'led for agricultural purposes if at all possible .. · The upp9r 
terr'l.ces are well suited for eonst'.\:"Uction but, as previously stated, 
should not be developed until the sand and gravel is removed,. 
Safe waste disposal should be little problem on most of the flat 
uplands. The areas along the numerous small gullies and intermittent 
streams shou.ld be a"10ided for landfill or lagoon sites, because of' 
periodic flooding. The lowland areas ,.Jill require sealed sewage systems 
and adequate spacing for septic systems •. ¥nmicipal water and sewer 
systems are advisable in these areas. Sanitary landfills should not 
be placed on any of the lowland areas because of the high groundwater-
pollution risk. Stabilization ponds can be built on the Missouri River 
floodplain only if they are far from all water supplies. Stabilization 
ponds should not be built on any of the other lo·wland areas because of 
the flooding hazatti,. 
Areas ideally suited for development as nature preserves and recrea-
tional areas are abundant in the Missouri River valley and on the other 
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lowland areas. 
Garrison Dam has had a dramatic effect upon the Missouri River flood-
plain, and while solvi...ng some problems, such as flooding, it has also 
caused other. Before the dam was built va-ry few buildings were constructed 
on the floodplain. The land was used mostly for agriculture. Recently 
residential growth across the floodplain has been ve-ry rapid, especially 
south of Bismarck and along U. s. Highway 10 between Bismarck and Mandan. 
Few of these buildings are connected with either of the municipal sewer 
and water systems. For this reason, the possibility of pollution to 
groundwater has greatly increased and many acres of fine farm land have 
been lost. 
Bank instability along the Missouri River has also become a serious 
problem. At present, a multimillion-dollar bank-stabilization program is 
being considered. 
It is my opi..'1ion that the floodplain should not be developed in this 
manner, but rather, it should be maintained ~or agriculture, aggregate 
supply, and recreation. The upland areas are generally much better suited 
for construction, both from an engineering and an agricultural standpoint. 
The only drawback is the lack of abundant high-quality water. For this 
reason, municipal water and sewage systems are advisable. 
The interpretive maps of land uses and resources have been developed 
as an aid to regional planning (Plates 1 to 30). It is hoped that they 
will serve as a. general guide to the development of the area. It is 
important that they be used i.~ combination so that the land can be used 
the most beneficially. 
APPENDIX A 
T~~following logs were obtained .from. testholes drilled throughout 
the study area. A truck-mounted 6-inch-diameter continuous fJ..ight auger 
was used for the drilling program. 
Testhole 1: o. 3 miles south and 0.1 miles west of northeast corner of 
sec. 36, T. 139 N., R. 80 W., elevation 17~0 .feet. 
J 
Formation 
Cannonball 
Material 
Clay; silty. sandy, yellow 
Sand and silt; clayey, yellow 
Clay; slightly silty. gray 
Sand and gravel; sand .fraction is 
coarse 
Depth in feet 
0-2 
4-7 
7-11 
11-13 
Drilling stopped at 13 .feet due to breakdown. 
Testhole 2: 0.3 miles south o.f northwest corner of sec. 31, T. 139 N., 
R. 79 W., elevation 1780 .feet. 
Formation 
Braddock 
Cannonball 
Material 
Silty clay; pebbly. sandy. tan, 
.few carbonate pebbles 
Clay; slightly silty, gray 
Sand; medium-grained, yellow-brown 
gastropod .fragments 
Clay; sandy, gray 
Sand; medium-grained, clayey, 
yellow-brown 
Sand; medium-grained, yellow".'" 
brown, numerous gastropods 
Silty clay; laminated. yellow 
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Deoth in f'eet 
0-10 
10-13 
13-14 
14-20 
20-23 
23-43 
4J-46 
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Testhole 3: 0.55 miles west of southeast come~ of sec. 14, T. 138 N •• 
R. 80 W., elevation 1650 feet. 
Formation 
Four Bears 
Material 
About 3 feet removed at surface .. 
Sand; medium-grained, tan, ,.wet 
below 9 feet 
Clay; very dense and stiff, dark 
gray 
Deoth in feet 
0-10 
10-20 
Testhole 4: 0.3 miles east of southwest corner of sec. 15, T. 138 N •• 
R. 80 W., elevation 1635 feet. 
Formation 
Four Bears 
Material 
Sand and silt.; tan, wet below 
8 feet 
Clay; dense, gray 
Depth in feet 
0-10 
10-15 
Testhole 5: o.4 miles of southwest corner of sec. 15, T. 138 N., R. 80 W., 
elevation 1655 feet. 
Formation 
Oahe 
Coteau 
Four Bears 
Material 
Silt; tan 
Sand; silty, numerous organic 
fragments, gray to tan 
Gravel; sandy, mostly dolostone 
Clay; silty, gray 
Depth in feet 
0-3 
3-6 
6-22 
22-25 
Testhole 6: 0.5 miles east of southwest corner of sec. 29. T. 139 N., 
R. 80 w •• elevation 1750 feet. 
Formation 
Cannonball 
Material 
About 2 feet removed at surface. 
Clay; silty, gray 
Clay; very dense, gray 
Clay; very stiff, organic. dark 
gray to black, wet below 
27 feet 
Clay; silty, tan to yellow-brown 
Depth in feet 
0-15 
15-22 
22-42 
42-44 
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Testhole 7: 0.2 miles south and 0.35 miles east of northwest corner of 
sec. 32, T. 139 N., R. 80 W., elevation 1800 feet. 
Formation 
Ca.he 
Cannonball 
Material 
Silt; tan 
Sand; silty, tan to yellow 
Clay; silty, gray 
Depth in feet 
0-2 
2-10 
10-18 
Testhole 8: 0.5 mi1 es south and 0.2 miles east of northwest corner o:f 
sec. 30, T. 139 N., R. 80 w •• elevation 1800 feet. 
Formation 
Oahe 
Braddock 
Cannonball 
Material 
Silt; tan 
Silty clay; pebbly, sandy, gray 
Sand; pebbly, yellow-brown 
Depth in feet 
0-13 
13-17 
17-22 
Testhole 9: 0.7 miles north of southwest corner of sec. 9, T. 139 N., 
R. 80 W., elevation 1935 feet. 
Formation Material Depth in feet 
Oahe Silt; tan 0-6 
Braddock Silty clay; pebbly, sandy, gray 6-9 
Cannonball Sand; medium-grained, tan, 
gastropod f"ragments 9-12 
Testhole 10: 0.4 miles west of southeast corner of sec. 9, T. 139 N., 
R. 80 W., elevation 1885 feet. 
Formation 
Oahe 
Braddock 
Cannonball 
Material 
Silt, tan 
Silty clay; pebbly, sandy, gray 
Sand; medium-grained, tan, 
gastropod fragments 
Depth in feet 
0-5 
5-10 
10-15 
Testhole 11: 0.55 miles north of southeast corner of sec. 21, T. 139 N., 
R. 80 W., elevation 1790 feet. 
Formation Material 
Coteau Silt; organic, gray 
Four Bears Sand and gravel; silty 
Depth in f' eet 
1-6 
6-9 
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Braddock Silty clay; pebbly, gray 9-13 
Can.l'lonball Clay; silty, tan to brown 13-15 
Clay; sandy, gray, wet below 
17 feet 15-19 
Testhole 12: 0.5 miles north o:f southeast corner of sec. 21, T. 139 N., 
R. 80 W., elevation 1795 feet. 
Formation 
Coteau 
Four Bears 
Material 
Silt; organic, clayey, gray 
Gravel; sandy, mostly dolostone 
Depth in :feet 
0-6 
6 .... 9 
Drilling stopped at 9 feet because of boulder (7) 
Testhcle 13: 0.5 miles south and 0.2 miles east o:f northwest corner of 
sec. 35, T. 139 N., R. 80 W., elevation ~50 feet. 
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Formation 
Oahe 
Braddock 
Material 
Silt; tan 
Cobbles; granitic 
Cobbles and boulders 
Depth in feet 
0-3 
J-4 
4-6 
Drilling stopped at 6 feet in each of three attempts. 
Testhole 14: 0.15 miles north of southeast corner of sec. 21, T. 138 N., 
R. 80 W., elevation 1635 :feet. 
Formation Material Denth in :feet 
Oahe Silt; tan 0-2 
Coteau Clay; silty, organic, gray 2-5 
Clay; dense, dark gray 5-8 
Sand; clay lenses, tan wet below 
9 feet 8-14 
Testhole 15: 0.15 miles north of southeast corner of sec. 20, T. 138 N., 
R. 80 W., elevation 1635 feet. 
Formation Material Denth in feet 
Coteau Sand and silt; clayey, gray 0-2 
Silt; organic, gray 2-5 
Clay; organic, dark gray 5-7 
4J 
Clay; silty, organic, gray, wet 
below 7 feet 
Silt; <:.layf;fJ', tan to gray 
7-9 
9-14 
Testhole 16: 0.35 milas south of norlhwest corner of sec.· 16, T. 138 N. • 
R. 80 W., elevation 1690 feet. 
Formation 
Coteau 
Material 
Silt; clayey, tan to gray 
Clay; silty, gray 
Depth in feet 
0-5 
5-9 
Drilling stopped at 9 feet by boulder (7) 
Testhole 17: O.J mil.es north of southeast corner of sec. 27, T. 138 N., 
R. 80 W., elevation 1750 feet. 
Formation 
Coteau 
Material 
Clay; silty, organic, gray 
Clay and silt; gray, wet below 
11 :feet 
Depth in :feet 
0-10 
10-14 
Testhole 18: 0.7 miles west and 0.25 :miles north o:f southeast corner of 
sec. 35, T. 138 N., R. 80 W., elevation 1800 feet. 
Formation 
Cannonball 
Material 
About 2 feet removed at surface 
Sand; clean, yellow 
Clay; sandy, brown 
Sand; concretionary, yellow-bro-mi 
Clay; silty, very dense and stiff, 
gray 
Depth i.YL :feet 
0-15 
15-18 
18-24 
Testhole 19: Northwest corner of sec. 19, T. 137 N., R. 80 W., elevation 
1760 :feet. 
Formation 
Oahe 
Braddock 
Material 
Silt; tan 
Silty clay; pebbly, sandy, few 
carbonate pebbles, tan to 
yellow-brown 
Silt; cobbly, pebbly, sandy, dark 
gray 
Depth in feet 
0-11 
11-38 
38-51 
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Sandy clay; pebbly with occasional 
cobbles, dark gray 51-57 
Drilling stopped. at 57 feet because of boulder(?) 
Testhole 20: o.45 miles east of northwest corner of sec. 16, T. 137 N., 
R. 79 W., elevation 1750 fest. 
Formation 
Denbigh 
Braddock 
Sand; clean, yellow-brown 
Silty loam; paleosol (?), gray 
Sand; clean, yellow-brown 
Silty clay; pebbly, sandy, yellow-
brown 
Depth in feet 
0-15 
15-16 
16-20 
20-24 
Testhole 21: 0.45 miles north of southwest corner of seco 3, T. 137 N., 
R. 79 W., elevation 1800 feet. 
Formation 
Oahe 
D~,nbigh 
Hell Creek 
Material 
Silt; tan 
Silty loam; paleosol (?), gray 
Sand and silt; tan 
Clay; dense, gr~y 
Sand; clayey, yellow 
Clay; dense and stiff, dark gray 
Sand; contains clay pebbles, dark 
gray to black, wet below 22 :feet 
Depth in :feet 
0-2 
2-J 
3-7 
7-10 
10-15 
15-18 
18-24 
Testhole 22: Southeast corner of sec. 28, T. 138 N., R. 79 W., elevation 
1930 feet. 
Formation Material Depth in feet 
Denbigh Sand; medium-grained, yellow 0-16 
Cannonball Clay; silty, yellow 16-18 
Clay; silty, dark gray 18-24 
Testhole 23: 0.2 miles west of southeast corner of sec. 21, T. 138 N., 
R. 79 W., elevation 1835 feet. 
Formation 
Oahe 
. Denbigh 
Four Bears 
Material 
Silt; tan 
Sand; :fine-grained, yellow 
Clay; silty, dense. yellow 
Sand. medimn-grained, gray 
Gravel; large cobbles, mostly 
dolostone 
Depth in :feet 
0-4 
4-12 
.12-16 
16-18 
18-19 
Testhole 24: 0.45 miles north of southeast corner of sec. 30. T. 139 N., 
R. 79 W., elevation 1805 feet. 
Fonnation 
Braddock 
Cannonball 
Material 
Silty clay; pebbly, sandy, gray 
Clay; pebbly, dark brown 
Clay; silty, laminated, gray 
Clay; dense, yellow 
Deeth i."l :feet 
0-12 
12-14 
14-19 
19-24 
Testhole 25: Southwest corner of sec. 15, T. 139 N., R. 79 W., elevation 
1800 feet. 
Formation 
Braddock 
Cannonball 
Material Depth in :feet 
Silty clay; pebbly, sandy, gray 0-7 
Sand; medium-grained, yellow-brown 7-9 
Clay; dense, yellow and gray 
mottled 
Sand; clean, medium-grained, yellow-
brown to 26 feet, below 26 feet 
wet and gray 
9-13 
13-29 
Testhole 26: 0.3 miles east of northwest corner of sec. 20, T. 139 N., 
R. 79 W .. , elevation 1850 .feet. 
Formation 
Braddock 
Cannonball 
Material 
Silty clay; pebbly, gray. some 
carbonate pebbles 
Clay; dense, dark gray 
Depth in feet 
0-12 
12-24 
Testhole 27: 0.2 miles west of southeast corner of sec. 30, To 138 N., 
R. 79 W •• elevation 1700 feet. 
Formation 
Oahe 
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Material 
Silt; tan 
Sand;· medium-grained, clean, 
yellow, wet below 23 feet 
Depth in feet 
0-3 
3-39 
Testhole 28: 0.85 miles west and 0.25 miles north of southeast corner of 
sec. 30, T. 138 N., R. 79 w., elevation 1710 feet. 
Formation 
Oahe 
Denbigh 
Hell Creek 
Material 
Silt; tan 
Sand; fine-grained, gray 
Sand; medhnn-grained, yellow 
Sand; highly organic. dark gray 
Sand; :medium-grained, yellow to 32 
feet, wet and dark gray below 
32 feet 
Sand; pebbly, gray 
Clay; silty, gray 
DeEth in feet 
0-6 
6-11 
11-20 
20-21 
21-42 
l~2-56 
56-74 
Testhole 29: 0.6 miles north and 0.5 miles east of southwest corner of 
sec. 30, T. 137 N., R. 79 W., elevation 1680 feet. 
Formation 1'faterial Deoth in feet 
Oahe Silt; tan 0-6 
Denbigh Sand; fine-grained, gray 6-11 
Sand; medium-grained, yellow 11-20 
Sand; highly organic, dark gray 20-21 
Sand; medium-grained, yellow to 32 
feet 21-34 
Testhole 30: 0.3 miles east of southwest corner of sec. 13, T. 138 N., 
R. 80 W., elevation 1645 feet. 
Formation 
Coteau 
Material 
Silt; clayey, organic, gray 
Clay; silty, gray 
Silt; clayey• gray, wet below 12 
feet 
Depth in feet 
0-6 
6-12 
12-17 
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Hell Creek Clay; dense, gray 17-19 
Testhole 31: 0.3 miles north of southeast corner of sec. 11, T. 138 N., 
R. 80 W., elevation 1665 feet. 
Formation Material De:eth in feet 
Oahe Silt; tan 0-6 
Denbigh Sand; silty, yellow 6-11 
Hell Creek Clay; dense, yellow and gray 
mottled 11-17 
Clay; silty, laminated, brown 17-20 
Silt; clayey, organic fragments 20-34 
Testhole 32: 0.1 miles north of southeast corner of sec. 6, T. 139 N., 
R. 80 w •• elevation 1840 feet. 
Formation 
Braddock 
Cannonball 
Material 
Silty clay; pebbly. sandy, brown 
Silt; clayey, laminated., yellow 
Clay; dense. gray 
Depth in feet 
0-10 
10-14 
14-19 
Testhole 33: 0.5 miles south of northeast corner or sec. 30, T. 140 N •• 
R. 80 W., elevation 1710 feet. 
Formation 
Faur Bears 
Material 
Silt; fine. gray 
Gravel; sandy, mostly dolostone 
Clay; silty, gray. gastropod 
fragments 
Silt; clayey, gray. wet below 
14 feet 
Sand; gravelly, silty 
Depth in feet 
0-3 
3....4 
4-12 
12-15 
15-19 
Testhole 34: 0.15 miles south of northeast corner of sec. JO, T. 140 N •• 
R. 80 W., elevation 1760 feet. 
Formation 
Cannonball 
}11",aterial 
Silt; clayey, brown 
Clay; dense, tan to gray 
mottled 
Depth in feet 
0-7 
7-14 
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Testhole 35: 0.55 miles north of southwest corner of sec. 8, T. 140 N.,. 
Formation 
Tongue River 
R. 81 W., elevation 2012 feet. 
Material 
Sand; silty, brown 
Depth in feet 
0-5 
Silt; clayey, tan 5-8 
Sand; medium-grained~ tan to gray 8-29 
Testhole 36: o.4 miles north and 0.5 miles west of southeast corner of 
sec. 12, T. 140 N.,. R. 80 w., elevation 2030 feet. 
Form.ation 
Braddock 
Four Bears ( 1) 
:t-l".aterial 
Silty clay; pebbly, sandy, tan 
Sand; pebbly, yellow-brown,. 
gastropod fragments 
Gravel; coarse, mostly dolostone 
Depth in f' eet 
0-12 
12-21 
21-24 
Testhole 37: 0.5 miles west and 0.2 miles north of southeast corner of 
sec. 13. T. 140 N.,. R. 81 W., elevation 1930 feet. 
Formation Material Depth in :f ee.t 
Oahe Silt; tan 0-1 
Cannonball Silt; sandy, yellow 1-7 
Clay; silty,. yellow a.'l'ld gray mottled 7-11 
Sand; fine-grained, yellow 11-14 
Testhole 38: 0.5 miles south and 0.3 miles east of northwest corner of 
sec. 26, T. 140 N., R. 81 w., elevation 1750 feet. 
Formation Material Depth in feet 
Oahe Silt; tan 0-5 
Cannonball Clay; silty,. yellow and gray 
mottled 5-9 
Silt; clayey, yellow 9-14 
Testhole 39: 0.5 miles south of northwest corner of sec. 2, T. 139 N., 
R. 81 W., elevation 1644 feet. 
Formation 
Coteau 
Material 
Silt; clayey. sa....,dy,. organic, gray 
Depth in feet 
0-6 
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Sand; clayey, gray, wet below 
9 feet 
Sand;· fine-grained, gray 
6 ... 9 
9-14 
Testhole 40: o.45 miles south of northeast corner of sec. 19, T. 137 N., 
R. 80 W., elevation 1720 feet. 
Formation 
Oahe 
Hell Creek 
:t-fa.terial 
Silt; tan 
Clay; silty, gray and yellow 
mottled 
Depth in feet 
0-4 
4-19 
Testhole 41: Northeast corner of sec. 12, T. 137 N., R. 80 W., elevation 
1760 feet. 
Formation 
Oahe 
Braddock 
Hell Creek 
Silt; gray 
Silt; tan·· 
Material 
Silty clay; pebbly, sandy, some 
organic fragments, brown. more 
sand from 18 to 20 feet 
Sand; clayey, yellow scattered 
organic fragments 
Silty clay; pebbly, sandy, many 
dark gray clay pebbles 
Clay; silty, dense, dark gray 
Depth in feet 
0-3 
3-10 
10-22 
22-25 
25-39 
30-44 
Testhole 42: 0.3 miles north of southeast col:"ner of sec. 6, T. 137 N., 
Ro 79 Wo, elevation 1700 feet 
Formation 
Oahe 
Denbigh 
Testhole 43: 
Formation 
Denbigh 
Braddock 
Material Depth in feet 
Silt; gray 0-3 
Sand; yellow, wet below 16 feat 3-19 
0.5 miles east of southwest corner of sec. 34, T. 138 N., 
R. 79 W., elevation 1850 feet. 
Material Depth in feet 
Sand; tan 0-7 
Silty clay; pebbly, sandy, yellow-
brown 7-13 
Cannonball 
50 
Sand; yellow 
Clay; silty, sandy, dark brown 
Clay; organic, black 
Clay; tan, scattered small gypsuro 
crystals, organic fragments 
Clay; dense, stiff, gray 
13-15 
15-19 
19-20 
20-25 
25-29 
Testhole 44: o.4 miles east of northwest corner of sec. 10, T. 138 N., 
R. 79 W., elevation 1700 feat. 
Formation 
Coteau 
Braddock 
Cannonball (?) 
Material Depth in feet 
Sand and silt; tan 0-12 
Silty clay; pebbly, sa..--idy, brown 12-17 
Sand; clayey, yellow 17-1 9 
Testhole 45: 0.4 miles east of northwest corner of sec. 10, T. 138 N., 
R. 79 W., elevation 1660 feet. 
Fonn.;ition 
Oahe 
Fou:r Bears 
Material 
Silt; gray 
Sand; fine-grained, yellow 
Sand and gravel; sand fraction 
coarse-grained, gravel mostly 
dolostone 
Sand; yellow above 23 feet, wet 
and gray below 2 3 feet 
Depth in feet 
0-4 
4-11 
11-22 
22-29 
Testhole 46: 0.55 miles north of southeast corner of sec. 5, T. 138 N., 
R. 79 W., elevation 1725 feet. 
Formation Material Depth i.'1'1 feet 
Oahe Silt; gray 0-6 
Braddock Silty clay; pebbly, sandy, 
brown 6-9 
Cannonball Lignite 9-10 
Silt; clayey, tan 10-14 
Silt; very fine, yellow 14-19 
51 
Test.hole 47: O.J miles north of southwest corner of sec. 28, T. 139 N., 
R. 79 W., elevation 1800 feet. 
Formation 
Oahe 
Braddock 
Cannonball 
Material Denth in feet 
Silt; gray 0-4 
Silty clay; bouldery, pebbly, 
sandy, brown 4-9 
Clay; silty, laminated, yellow and 
gray mottled 9-14 
Testhole 48: 0.35 miles north of southeast corner of sac. 16, T. 138 N., 
R. 81 W., elevation 1935 feat. 
Formation Material Depth in feet 
Oahe Silt; tan 0-1 
Braddock Silty clay; bouldery, pebbly, 
sandy, brown 1-11 
Cannonball Clay; dense, gray 11-14 
Testhole 49: 0.3 miles west of southwest corner of sec. 17, T. 138 N., 
R. 80 W., elevation 1910 .feet. 
Formation 
Brad.dock 
Cannonball 
Material 
Silty clay; sandy, pebbly, dark 
brown to tan 
Clay; silty, laminated, yellow 
and gray mottled 
Depth in feet 
0-11 
11-19 
Testhole 50: 0.55 miles north of southeast corner of sec. 14, T. 138 N., 
R. 82 W., elevation 1890 feet. · 
Formation 
Braddock 
Cannonball 
Material Denth in feet 
Silty clay; pebbly, sandy, gray 0-13 
Clay; silty, dense, yellow and gray 
mottled 13-19 
Testhole 51: 0.25 miles east and 0.05 miles north of southwest corner of 
sec. JO, T. 137 N., R. 80 W., elevation 1650 feet. 
Formation 
Four Bears 
Material 
Sand and gravel; gravel mostly 
dolostone 
Depth in feet 
0-7 
52 
Clay; silty, laminated, gray wet 
below 13 f'eet 7-14 
Testhole 52: 0.5 miles north of' southeast corner of sec. 13, T, 137 N., 
R. 81 W.,, elevation 1650 feet. 
Formation 
Coteau 
Four Bears 
Material Depth in f'eet 
Clay; silty, organic., dark gray to 
black 0-4 
Silt and sand; tan to yellow, wet 
below 14 feet 4-18 
Gravel; sandy 
Clay; silty, dense, gray 
18-20 
20-24 
Testhole 53: 0.2 miles west of' southeast corner of' sec. 2, T. 137 N., 
R. 81 w., elevation 1869 f'eet. 
Formatic,n 
Cannonball 
Testhole .54: 
Formation 
Cannonball 
Material 
Silt; clayey, tan 
Clay; silty, gray 
0.1 miles west of' southeast corner 
R. 81 w., elevation 1800 feet. 
Material 
Sand; clayey, yellow 
Clay; silty, tan 
Clay; dense, gray 
of' 
Depth in f' eet 
0-10 
10-24 
sec. 35, T. 138 N., 
Depth in feet 
0-8 
8-12 
12-19 
Testhole 55: 0.2 miles north of' southeast corner of' sec. 1, T. 138 N., 
R. 81 W~, elevation 1630 feet. 
Formation 
Coteau 
Material Depth in f'eet 
Silt; clayey, sand, organic, gray 0-9 
Sand; silty, yellow, wet below 12 
feet 
Clay; silty, laminated, organic 
f'ragments, . gray 
9-13 
13-19 
Testhole 56: 0.5 miles south and 0.1 miles east of' the northwest corner of' 
sec. 35, T. 139 N., R. 81 W., elevation 1680 f'eet. 
Formation 
Cannonball 
53 
Material 
About 10 feet removed at surface. 
Clay; silty, yellow and gray 
mottled 
Clay; dense, gray 
Clay; silty, sandy, dark gray to 
black 
Sand; slightly clayey, yellow 
Depth in feet 
0-10 
10-14 
14-27 
27-44 
Testhole 57: Oo4 miles east and 0.2 miles south of northwest corner of 
sec. 34, T. 139 N., R. 81 W., elevation 1640 feet. 
Fo.rr,,.ation 
Coteau 
Material 
Silt; sandy, organic, gray, wet 
below 9 feet 
Clay; silty, sandy, dark gray 
Depth in feet 
0-10 
10-19 
Testhole 58: 0.2 miles west and 0.3 miles south of northeast co::tT1er of 
sec. 17, T. 139 N., R. 81 W., elevation 1930 feet. 
Formation 
Braddock 
Cannonball 
Material Deoth i.~ feet 
Silty clay; pebbly, sandy, brown 0-17 
Clay; silty, laminated, yellow and 
gray mottled 17-26 
Clay; sandy, silty, gypsiferous 26-29 
Testhole 59: 0.35 miles south and 0.25 miles east of northwest corner of 
sec. J6, T. 139 N., R. 80 W., elevation 1670 feet. 
Formation 
Coteau 
Cannonball 
Material Depth in feet 
About 3 feet of silt and 20 feet of sandy clay removed at 
surface. 
Sand; medium-grained, yellow 0-3 
Clay; silty, laminated, brown 3-8 
Clay; dense, dark gray 8-13 
Clay; silty, sandy, gray, wet below 
24 feet 13-36 
Clay; ver:y dense, stiff, gray 36-39 
Sand; clayey• gray, very wet 39-44 
Water rose to within 12 feet of the top of the testhole. 
Testhole 60: 0.15 miles south of northeast corner of sec. 29, T. 139 N., 
R. 80 W., elevation 1855 .feet .. 
Formation }1aterial Deoth in feet 
Cannonball Sand; med.iU1n-grained., concretionary 0-12 
Clay; silty, brown and gray mottled 12-19 
Testhole 61: 0.,25 miles south and 0.2 miles east of northwest comer of' 
sec. 28, T. 139 N., R. 80 W., elevation 1800 f'eet. 
Formation 
Coteau 
Braddock 
Garin on ball 
Material 
Silt; clayey. organic, brown 
Silty clay; pebbly, sandy, brown 
Clay; silty, laminated., brown 
Depth in feet 
0-3 
3-10 
10-19 
Testhole 62: 0.4 miles west and 0~1 miles south of northwest corner of 
sec. 22, T.1J8N., R. 80W., elevation1775feet. 
Form.at.ion 
Canncmball 
Testhole 63: 
Formation 
Four Bears 
Cannonball 
Testhole 64: 
Formation 
Ca.he 
Material Deoth in feet 
Silt; clayey, laminated 0-10 
Clay; silty, gray and brown mottled 10-18 
Clay; dense, stifi', dark gray 
0.2 miles west of northeast corner of 
R. 81 W., elevation 1690 feet. 
Material 
Silt; sandy, bouldery, tan 
Clay; silty, tan to brown 
Clay; dense, gray 
0.5 miles east of southwest corner of 
R. 80 W., ele~tion 1705 feet. 
Material 
Silt; gray 
Silt; tan 
18-34 
sec. 15, T. 139 N., 
Deoth in feet 
0-12 
12-15 
15-29 
sec. 36, T. 139 N., 
Depth in f'eet 
0-5 
5-8 
Braddock 
Hell Creek (?) 
Braddock 
Hell Creek 
55 
Sand; fine-grained, yellow 
Silty clay; bouldery-, pebbly, sandy 
Clay; silty, laminated, brown and 
gray 
Sand; silty, fine-grained, yellow-
brown, wet below 21 feet 
Clay; silty, laminated, brmm and 
gray 
Silty clay; pebbly, numerous clay 
pebbles 
Clay; silty, dark gray 
8-11 
11-14 
14-17 
17-23 
23-27 
27-32 
32-44 
Testhola 65: 0.1 miles east o:f southwest corner o:f sec. 36.. T. 139 N •• 
R. 80 w •• elevation 1655 feet. 
Formation 
Coteau 
Material 
Clay; silty, orga..?1ic, dark gray, 
very wet below 10 feet 
Depth. in :feet 
0-24 
Testhole 66: o.6 miles south and O.J miles east of northwest come!" o:f 
sec. 35, T. 139 N., R. 80 W., elevation 1845 feet. 
Formation Material Depth in f'eet 
Oahe Silt; tan 0-5 
Cannonball Silt; clayey, stiff, brown 5-14 
Sand; medium-grained, yellow 14-19 
Testhole 67: 0.6 miles south and 0.3 miles east of northwest corner of 
sec. 35, T. 139 N., R. 80 W., elevation 1845 feet. 
Formation 
Oahe 
Cannonball 
Material 
Silt; tan 
Silt; clayey, stiff, brown 
Sand; medium-grained. yellow 
Depth in feet 
0-3 
3-15 
15-19 
Testhole 68: Northeast comer of sec. 10, T. 138 N., R. 80 W.,. elevation 
1675 feet .. 
Formation Material Depth i,..., feet 
Oahe Silt; tan 0-4 
t 
l 
Four Bears Sand and silt; yellow, wet below 11 
feet 
Clay; silty, laminated, gray 
4-14 
14-19 
Testhole 69: 0.25 miles west and 0.3 miles north of southeast corner of 
sec. 10, T. 138 N., R. 80 W., elevation 1655 feet. 
Formation 
Oahe 
Four Bea.rs 
Material 
Silt; tan 
Sand; coarse-grained, scattered 
cobbles,. yellow 
Clay; silty,. yellow 
Depth in .feet 
0-5 
5-12 
12-19 
Testhole 70: 0.5 miles east a..":d 0.15 m..i.les south o.f northwest corner o.f 
sec. 15, T. 138 N., R. 80 w., elevation 1650 feet. 
Formation 
Oahe 
Four Bears 
Material 
About 2 .feet removed at surface. 
Silt; tan 
Sand and gravel; sand fraction is 
coarse, gravel mostly dolostone, 
wet below 13 .feet · 
Clay; silty, laminated dark gray 
Depth in feet 
0-3 
3-19 
19-24 
Testhole 71: 0.3 miles south o.f northeast corner of sec. 22, T. 138 N., 
R. 80 W., elevation 1655 feet. 
Formation 
Oahe 
Four Bears 
Material Depth in feet 
Silt; gray 0-4 
Sand and gravel; sand fraction is 
coarse, gravel mostly dolostone 4-8 
Sand; coarse-grained, yellow, wet 
below 9 .feet 
Clay; silty, tan to gray 
8-12 
12-14 
Testhole 72: 0.3 miles west o.f southeast corner o.f sec. 35, T. 139 N., 
R. 81 W., elevation 1680 feet. 
Formation Material Depth in feet 
Four Bears Sand and silt; clayey, gray 0-9 
Cla.y; silty, tan and gray mottled 9-12 
57 
Sand; fine-gra.iYJ.ed" tan to yellow 12-14 
Testhole 73: 0.8 miles ea.st and 0.7 miles south of northwest corner of 
sec. 24, T. 138 N •• R. 81 w., elevation 1650 feet. 
Formation 
Four Bears 
Material 
Sand and silt; clayey, .few cobbles 
gra.y 
Gravel; coarse, wet below 13 feet 
Sand; clayey,. silty, light gray 
Deoth in :feet 
0-9 
9-14 
14-19 
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EXPLANATIClf FOR GEOLOOIC MAPS, 
PLATES 2 TO 8 
MAP UNIT 
,. 
B 
C 
D 
E 
G 
H 
I 
J 
l 
L 
M 
II 
0 
p 
Q 
R 
s 
u 
V 
Silt ot the Oahe Fomatian 
(0.5 to 2 • thick) CJYer 
sand and silt of the Danbigh 
Fonaation (gr9ter than 2 • 
thick). 
Silt of the Oahe Fo!"Mtian 
(0.5 to 5 • thick) CJYel' 
sand and gravel of the l"tNJ' 
Bea" Fo!"Mtion. 
Silt of the Oahe Fonnatian 
(0.5 to 3 I!! thick) CJYer 
sl igbtl;r boulder.,-, cobbly, 
pebbly, sandy, sll ty clay of 
the BNddock Fo1'9tillft 
(gN&tel' than 2 • thick). 
Silt ot the Oahe Fol'9tion 
(0.5 t.o 3 • thick) CJYer 
Tongue Rivel' Fol'9tian 
(undiffe1'1!1'1tiated). 
Silt of the Oahe Fomation 
(0.5 to 3 • thick) CJYel' 
Cannonball Fonutian 
( ,niiff e1'1!1'1tia ted). 
Silt of the Oahe Fol'9tian 
(0. 5 to 3 m thick) CJYel' 
Hell Cr-eek Fo~tian. 
Sand of the Dalbigb 
Fo1'9tion. 
Sand and silt of the 
Da!bigh Fo!"Mtion (0.5 to 
2 • thick) over slightl;r 
boulder.,-, cobbly, pebbly, 
sandy, silty clay of the 
Braddock Fol"Stion (gN&te 
than 2 m thick). 
Organic clay of the Cot•u 
FonM.tian. 
Organic, silty clay of the 
Cot•u Fo!"Mtion; may locaJJy 
include sand and gravel. 
Saline, organic, silty clay 
of the Cot•u Fomatian; •Y 
locally. include sand and 
gravel. 
Silt and sand of the Cot•u 
Fonnatian; sligbtl;r organic; 
may include gravel and clay. 
Organic sand, silt, and clay 
of th• Coteau Fomatian; 
poorly drained. 
Sand and silt of the Four 
Bea" Fonation; locally 
gravelly. 
Sand and gravel of the FOUi' 
B•r-s Fonnatian. 
Gravel of th• P'OUI' Bean 
Fomatian. 
Sligbtl;r boulder.,-, cobbly, 
pebbly, sandy, silty clay 
of the Braddock Fo!"Mtian. 
Interbedded sand, silt, and 
clay of the Tongue River 
Formation. 
Sand or the Tongue River 
For,a tion. 
Silty, clayq sand of the 
Cannonball Fonation. 
Interbedded silty clay and 
clay of the Cannonball 
For,ation. 
I 
Interbedded silt, sandy clay, 
snd clayey silt of the Hell 
Creek Fonnation. 
GEOLffiIC CONTACTS 
··------.. , ...
GEOLOGY LIBRARY 
University cf Nortb Dakota 
"7'"/fJ~ 
G-:Jf 
ed. 
Accuracy 
Within ! 0,05 miles 
Within! 0,2 miles 
PLATE I 
EXPLANATIONS OF PLATES 
2 THROUGH 30 
SUMMARY OF STRATIGRAPHIC UNITS 
FORMAT IO:. BRIEF DESCRIPTiaf KAP UNIT ORIGIN 
Onhe Yellow or gray silt A,B,C,D,E,F Wind-blown sediJllait, 
Denbigh Buff-brown, well-sorted 
"and, G,H Wind-blown sedimait. 
Coteau Black, orp,anic, silty 
clay and sand, silt, 
and clay I,M Slough sedilllait 
Gray to brown, organic 
slightly pebbly, sand, 
silt, and clay. J,l,L Stre&111 and slopewash sedilllait. 
Four Bears Sand, silt, and RraVel, B,1',0,P Stl'MIII sediJllait. 
Braddock Yellow-brown to olive-
gray, bouldery, cobbly, 
pebbly, sandy, silty 
clay, c,H,Q Glacial 1edilnait. 
Tongue River Yellov-gray to oliv .. 
gray, sandstone, 
silt&tone, shale, 
limestone, and lignite, D,R.S Coastal plain sediment, 
Cannonball Gray to yellov-bro1111, 
sandstone, siltstone, 
and shale E,T0 U 
Hell Creek Gray, sandstone, 
silt..tone , shal e, and 
lignite, F,V 
E)'.PLANA.nOI OF PLATES 9 TO 15 
SHC1,{1NG SUITABil.rr? C1l' THE AREA 
Jo'CR GrnERAL CC!ISTRUCTIQI 
MAP UNIT DESCRIPTI<JI 
1 Level to gentl;r rolling topography: 
water table bet- 15 and 100 111eters 
below the surface; adequate bearing 
stNngth; good drainage in most of 
the area; and not subject to flooding. 
2 Rolling topography; -ter table 
between 15 and 100 -ters below the 
surface; adequate b•ring st1'1!1'1gth: 
good drainage in IIOSt of the area: 
and not subject to fiooding, 
4 
5 
6a 
Level to rolling topogra!'h7; -ter 
table variable but g.,_lly 
grNter than 10 meter-s below the 
sur.f'ace; uterials with adequate 
bearing stNngth under variable 
thickness of aaterials subject to 
shrinking, svelling, and frost 
heaving; good drainage; and not 
subject to flooding. 
Level to rolling topogmphy; moderate 
bearing strength; water table below 
a depth of 15 meters; good drainage; 
not subject to flooding; locally 
overlain by less than 2 meters of 
materials subject to shrinking, 
swelling, and frost h•ving; possible 
excavation problms due to large 
burled boulders. 
Lwel topography; -t•r table at or 
n•r the sur.f'ace: low to moderate 
bes ring strengths: locally may be 
overlain by less than 5 meters of 
materials subject to shrinking, 
swelling, and t'rost heaving; and 
not subject to flooding, 
Variable topography, water table bet-
15 and 25 meters below the surface; low 
bearing strength: locally overlain by 
less than 2 meters of materials subject 
Marine, near-shore 1ediJllent, 
Stream sediment. 
to shrinking, swelling, and frost heaving; 
and not subject to flooding, 
6b 
?a 
7b 
Variable topography; -ter table at or 
near the surface; low to 'ftoderate 
bMrir.g strength; subject to flooding; 
and locally subject to quick con!11tions, 
Steep topography, locally subject to 
n ood ing: small IINdn ows cOllll!IOl'I at base 
of slopes: subject to sllllllping and soil 
creep. 
Level topography; water table at or 
near the surface; poorly drained; and 
very low bearing stNngth, 
EXPLANATiaf OP' PLATES 16 TO 22 
SHO\ffi!G SUITABil.rr? OF THE 
AREA FOR WASTE DISPOSAL 
MAP UNIT D&,CRIPt'IQI 
1 
2 
4 
5 
Lwel to rolling topography; 
generally low pena•bility; only 
slll&ll wter suppliea at depth.a 
l•• than )0 -i.rs; not nbjeat 
to sluaping. 
Lnel to rolling topography; lov-
penaeability -terial•• llhich 
might CJYerli• shallow grounr:hatel' 
aourcea; not subject to fiooding. 
Lffel to rolling topography; 
permMble •t•rial• -re than 10 
meters abcr,e the -t•r tabl•I not 
subject to fiooding; possibly good 
for landfill.a but poor tor 
stabilisation panda. 
Variable topog1•phyt highly 
penn•ble materials; water table 
bet- 5 and 20 meters below the 
surface; not subject to flooding; 
uy be unsuitable for landfills; 
sealed severs ~ be necessar,r; 
septic syst- should be properly 
spaced; stabilisation ponds can be 
built if far f.- the -ter supply. 
Level topography; highly perweable 
•terials; -ter table at or n•r the 
surface: not subject to nooding; 
unsuitable for- land!'illa; s-1'9 -t 
be ••led; septic ayst- _.t be 
properly spaced; atabilisatian ponds 
can be built if far r.- the _t_. 
supply. 
6a Level topography; highly penaeable 
•terials; -ter table gS1erally at 
or n•r th• IUrf'ace; locally poorly 
drained; subject to nooding; 
unsuitable for landfills, ponds, and 
septic systaas; •- -.st be 
••led. 
6b Rolling to steep topography; gaierally 
low penaeability; flooding caa.on; the 
pollution thrNt to surface water is 
great. 
EXPLANATIOO OF PUTES 23 TO 29 
S:!OWING GROUNIJWATER RESOURCES 
OF THE A.REA 
MAP UN IT DESCRIPTictl 
1 Continuous surCicial silt, sand, and 
gravel aquifers more than 20 meters 
thick which yield high-quality water: 
large quantities of lov-quality water 
available fro111 sandstone aquifers at 
a depth of 1000 meters. 
2 
3' 
4 
5 
6 
Continuous sur.f'icial silt, sand, and 
gravel aquifers betwea, 5 and 20 mete1'9 
thick; large quantities of low-quality 
water available from sandstone aquifers 
at a depth of 1000 meters, 
Buried sand and gravel aquifers 10 to 
JO meters thick below a depth or 25 
meters; large quantities of low-quality 
water- ariilable from sandstone aquifer-s 
at a depth of 1000 meter-s, 
Small aquifers between 10 and 20 meters 
below the surface; large quantities of 
marginal-quality water between 100 and 
150 :neters bel ow the s u rface; large 
nn~n t iti i:_:iis of lry~~iali._t-y "1R+.A~ ..,,.,. .. ~, ~~'l 
from sandstone aquifers at a depth of 1000 
meters. 
Small aquifers between 10 and 50 meters 
below the surface; large quantiti es of 
marginal-quality water betwea, 65 and 100 
meters below the surface, 
Few s111&1l aquifers bet- 10 and 1&0 meters 
in depth; large quantities of marginal-
quality water betwea, 35 and 65 meters 
below the surface; large quantities of lov-
quality -ter available fom sandstone 
aquifers at a depth ot' 1000 meters, 
EXPLA.'IATIOO OF PLATE 30 
SHOWING MINERAL RESOURCES 
OF THE AREA 
1".AP UN IT 
t 
DESCRIPTICN 
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